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CO- PRODUCTI ON OF VI NYL ACETATE AND ETHYL ACETATE
Technical Field The present invention is directed to a
wWEmopnEsdsact i on process and apparatus for concur@Bu$095/038289
produci ng vinyl acetate and ethyl acetate. The process

reduces overall capital cogts and allows for higher
azeotrope colum throughputs. Vinyl acetate in an

et hyl acetate-enriched S|destrean1fron1a vi nyl acetate
azeot ] s
Backor SROBHE o
known. The preferred nethod IS by may of reactlng of

acetic acid (1) and ethylene (I1) in the presence of
Technigal figld t 0 produce the vinyl acetic nonomer (111): OO

0 i A 0 ORI Y B 1
concuutenﬂlyeﬂroﬁtlathrm‘?ahmtEtte Nal etbyl4i2etafzO T heenddetd Ieduc':'eE’roOé:raH $:apital costs
n or V'n A etate fa ring” of Hallinan
and algfwso{qro ;‘gfhswz&gg %l\lll\é%afliltst ﬁérlilyééﬁ%ét'egp an pt}lyi acetate-enriched

sidestRaff #5th ad/iYARE R Q@&ﬁro% 8RG8 h?&r@@&ﬁﬁ:dvi@ %fh‘?f! chhﬂ@
crude product Is fed to an azeotropé colum and

separated into a product stream and a waste et hyl
BaCkacetflte stream Further details of this process appear
her patents, such as United States Patent No.
6 Thd @ro&lh@tldroofﬁﬁh}bllaﬂgataﬁdwm kheen Jlrtpeefef?ad Sizthodids by way of
6,696,596 to Herzog et al. Alternatively, a |IﬂUId _
reactipghakaceti agi (B ang ﬁ’é‘é’l@nﬁ (driadke prgpense ofietpen o produesdhe vinyl acetic
mono @}{ | States Patent No. 6,620,965 to Adans et al.
[ States Patent No. 5,225,388, entitled "Method
for Making a Catalyst" of Wimnder et al, relates to a
process_for the preparation of vinyl acetate from
ethylenﬁ acetic acid and oxygen or oxygen- ﬁ?ntaining

gases of] a catal yst which cont®i ns pal | adi uny and/ or
| HC——C——OH + H,C==CH, H3C——C——OCH==CH,

I II I

Water and by-products are also produced, notably ethyl acetate. United States Patent No.
6,420,595, entitled “Process Control for Vinyl Acetate Manufacturing” of Hallinan et al.,
provides an overview of the commercially preferred vapor-phase oxidation process wherein the
crude product is fed to an azeotrope column and separated into a product stream and a waste
ethyl acetate stream. Further details of this process appear in other patents, such as United
States Patent No. 6,410,817 to Colling and United States Patent No. 6,696,596 to Herzog et al.

Alternatively, a liquid phase or mixed phase process can be used as is seen in United
States Patent No. 6,620,965 to Adams et al.

United States Patent No. 5,225,388, entitled “Method for Making a Catalyst” of Wunder
et al., relates to a process for the preparation of vinyl acetate from ethylene, acetic acid and
oxygen or oxygen-containing gases on a catalyst which contains palladium and/or its |
compounds and, if desired, gold and/or gold compounds and alkali metal compounds as
activators and, if desired, additionally cadmium compounds on a support which is composed of
SiO; or a Si0, -Al,03 mixture having a surface area of 50-250 m* /g, a pore volume of 0.4-1.2

ml/g and a particle size of 4 to 9 mm, which comprises compressing the support particles with
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conpounds and, if desired, gold and/or gold conpounds
and al kali netal conpounds as activators and, if
walaesnEsdg3 addi ti onal |y cadmi um conpounds on a BUPPSRA005/038289
which is conmposed of SIO2 or a SIQ2 -A 203 mi xture
having a surface area of 50-250 n2 /g, a pore volune
of 0.4-1 .2 m/g and a particle size of 4 to 9 mm
whi ch conprises conpressing t he support particles
withthe aid of an th Zn or It of a
the aid @29 lisMeo A1 4SNP 1P Ca G GO BN Eh O PP g such sals as
bindeP! Nder. United States Patent No. 4,897,161, entitled
"Separation of Vinyl Acetate from Ethyl Acetate by
Enrted Siates PBiest Nbl 89D 101, eftitRelr $eparatadn ofdéimy Abeate afrom Ethyl

{ at b
AcerafSTRGRRIT Dol ate 1 REEHE oroRpR R PSS ihetFY T D) Brrate can
be reaél'ﬁﬁ' §Ppafedd R ctlyY 6&tste BY nbaC ol ex@hbt@resdistilMBbE @bing certain glycols
effective agents are 2-nethyl -2, 4- Lﬁent anedi ol ,

or glyaol 3thsts: ahymditad pffecétmyg@ﬁéargl%@eqhyh& pentatell, ladrutancdiol,
St at es ‘Pat ent
ethyleﬁégfﬁ%{léﬁgt,ﬁﬁl%?{&%hg%h@éen%@gc%gtyg} éotggt he | sol ati on of
VUnited Baeds Pae ht Nb. R@B&M, entitleal;Proeeksafoe shet Isolatiqur off'émg] Acetate”

for th ol ation of vyi |. gqcetate .froma gas m xture
of Rosé’g?ft %iaﬁ* Bat‘%ﬁ IRy Progest %IWE% lé?alﬁwn Vé‘i‘ﬂtaéeta\ﬁgfoé’? a gAgmxture
contaiﬁf?agm?ﬁyl Qe danfIoEBE, Watet BRI E866H diBRidO ForRiedYh BRGetibR of
acétic acid and oxygen in the gas phase over catalysts

ethylenc) i thianetimacphandaahygen or thp ghd Mﬁ@max@mwﬁd@maﬁh& gdbidlum or
xture | %awrg%gt he. reacti on assed

palladgiin poipay i BRI RS Tty Richcistiarion

columhQ@Rd {ReFRMixiuse kAGIE the tOP ehedT is Mvldd) THe dadtwikioh hafes eshdensed
during the cooling, is washed with acetic acid_in_ a

duringyfhs kPelipge i1 wiashed aith Asetiq acidhigi avashing GOBHNB GRaSEH dsifl solution
contalwn gXJén}gth?‘%t?% t | oglo%%ngé%tq af;hg%ggg%—l@goagi I;rggl] tHE 8§Hﬁ£anrc%'ﬁlmn 18
passedliost sekbrat distillatioh entunanahda scﬂmlﬂreamro@atmmmgl tlayrmegxteeiis gthoved

acetate is renpved. from an enr.i chment z above t
from Y G AERZOBE APOVE (he DA e eOF. 2 B L U pro e fom the

second Hﬁuﬁﬁi?d?lrh%hﬁhﬁ twm&@f)ﬂoeﬂc&ﬁleﬂwongmg ehadeﬁe g&aet béhlfg &deliYor the
consi sts of acetic acid, bei hg used for the wash in
wash initbe mdrhn@golumm e tdih@ppopf bhapmon@ﬂlalﬁetl@le@xbmdn is cooled. A
port108 roég-ﬁ olég%wgg asgf)%l {LIT% ecog%eﬁla% trebyt rgrr:lée g%gsgs%c%%ggether with the acetic
acid sPlaE6& Obtainedat fiRMovbintprodet aChit aslif dolﬁﬁinuirit@ﬁl th1rd dlstlllatlon
obt ai ned as the bottom product in the washing colu
columpipwhich may; aye gn dptpqmeghateay. The bottom product of the thll’d dlstlllatlon

column is passed into a fourth distillation column. Pure vinyl acetate is removed at the top of the

fourth distillation column.

. Another process for the isolation of vinyl acetate by distillation is described in United
States Patent No. 5,066,365 entitled “Process for the Isolation of Vinyl Acetate by Distillation”
of Roscher et al. This process for the isolation of vinyl acetate involves not combining the
bottom product of the recycled gas washingg with the water-saturated vinyl acetate but rather
introducing it to further multiple distillation columns from the gas mixture formed in the

reaction of ethylene with acetic acid and oxygen over catalysts containing palladium or

palladium compounds in the gas phase.
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col um, which may have an internedi ate tray. The

bott om product of the third distillation colum is
wezmeessignto a fourth distillation colum. PuriCwUsephs/038289

acetate is renoved at the top of the fourth

di stillation colum. Anothgr process for the isolation

of vinyl acetate by distillation is described in

United States Patent No. 5,066,365 entitled "Process

fqor the Isolation of Vipyl et a Di st i ion" of
RoupheaRe petas Sepdn Dbtied SEIAEHBlNG: Pk -4 shiad process
for Géh‘é?afnﬁg Q’lh)fl‘@iﬂ&@léﬂ@&t@ﬁnhf Zbﬂ%rtehﬁl Qﬂhél@ﬂ@s@ﬁ@é@%ro&fss for
he réecyc as vvashlngs with evvater sat ur at'ed
produvmgylvuad @arévpeylbt@testieafrhewa ¢amlvqrwljemnmgmdtand o chrpokpléy acid anhydride.
S atl o
The pfReinshmir S et dibEh DR T le Buirufis Bin®BRadh BoRbR gf a reactive
distill@fh X)ee (RDEEWhile el ngtacacinly Bédthp@ing 86 thadbwek REtion of the RDC
pal | adi um conpounds i n the gas phase. A nore exotic
and regiyingssPiodue ¢ampriping e Wyl spehosylampsisnt ANgrboxyBe acidgg-product
I
corresfiidihy, the SHAERE L lanFP BBl (eRBEEOLL A fof the RDC
with the vidytdanigpxylare eppér, araﬁrdun)tlyd wiper sstien of tho RDC asa bemaydte side draw.

conmpound and carbox lic,a nhy ride. The, roces
Unreag @RaipoaL s o feahoxed onuiee RIEC BRMAS jobSHipna i Grhy
carbofsngte |e§tep&fsteb£}ﬁteﬂf realorvs@gﬁd eéeycdé&fol thé Bbttdm Ps@ﬂoﬁmtl{em.
eedlng@a car bonyl conpound to the [ower section

Unreaofedtanbydlzm@ aafd@n aﬁqybdﬁmgil@arlpm@ém mag (bnmm@\rngfrqrh thetiang pf the RDC

and re@%‘il?(gzs(%tll&ﬁte Stelrltoﬁe anh IQ@ thglpeac tv‘?ylpcal%ot’% e ’%X/B%Iﬁmher
purifiéd mmnteb&?t\u@@cﬁﬁtl@rﬁﬂlﬁisﬁﬂatﬁfn \tebﬁlsRDC with the vinyl
carboxyl ate ester, or fromthe upper sectjon of the
RBthYA acetate g b PEeRar by AR e pir I acasess: aslugmmyhy way ofiirect
i 2ORE, S NAREE B OFLAE LB il BB oo
by hydlrogm’mﬁob of vimyl zp:wtata arbyofvay bﬂéesﬁﬁ'xﬁcam dactadaqdh hzyuhrerddmol The
an al k e r boxyl.at e. .b enoved from
proce 3G PrReEnG Fihy FereRis PEAGES ALY RPEH e G ERaNG DB ofihe
eqmpﬁémtre@m%@@or thB @rdteQd Ulesd pro¥éss&sdrd RopYd sehted BRTo1 R s:
urther purified in one or two additional distillation
vessel s. Ethyl acetate may be prepared by a variety of
e | uding by way of direct addition of
Dlrecp@%]?%%)a&cd%h%?th et hyl ene, or by way of oxidative
acetoxyl ati on of ethylene foll owed

0
HaC——C——OH
+ — > H;C——C——O0CH,CH;
H,C==CH,
Oxidative Acetoxylation/Hydrogenation:
HsC——C——OH i
N 0, || H,
+ ——————>  HC—C——OCH=CH; ~———  HyC——C——OCH,CH,

H,C==CH,



10

15

20

25

30

by hydrogenation of vinyl acetate or by way of
esterification of acetic acid with ethanol. The
w@rmeesasdf preparing ethyl acetate by direct miniU$10081038289
is relatively expensive because of the equi pnent
required for the process. 4These processes are
represented as follows: Direct (Mchael) Addition: o
H3C CIl | OHol | +* H3C C OCH2CH3 H2C CH2 Oxi dati ve
Acet oxyl ati on/ Hydrogenation: O Il Hc--OH Ii ", | +
Esterifigators OCH=CH2 - H3C C OCH2CH3 H2C=CH 2Esterifi cati on:
0 0 H3C C OH + HO CH2CH3 H3C C OCH2CH3 O her processes
i ncl ude those whi ch use acet al dehyde or ethan | as
starti nd; materials. The synthesis of | ower phat|
est &Es—UsiT hetter p8PyaeiiA: wi tham = dehy38e fredCHLh
product streamis descrl bed in United States Patent
6,187,949 entitled "Synthesis of Lower Aliphatic

No.
Erég‘%ﬁg g%étsggm'éﬁhg Rt m&'hqﬁe \Qﬁ:%tehd@}ﬂ/délog B aE S BRing materials.

ream O Froom et

The synthesis of lower aliphatic esters using heterpolyacids with an aldehyde-free
product stream is described in United States Patent No. 6,187,949 entitled “Synthesis of Lower
Aliphatic Esters Using Heterpolyacids with an Aldehyde-Free Product Stream” of Froom et al.
This invention describes a process for the production of lower aliphatic esters by bringing
together in an addition reaction a lower olefin and a saturated, lower aliphatic, mono-carboxylic
acid in the vapor phase into contact with a heterpolyacid catalyst. The reactant olefin and acids
and any recycled feeds are rendered substantially free of aldehyde impurities prior to being
brought into contact with the heterpolyacid catalyst. Acetaldehyde is a catalyst poison and
removal of these from the feeds prolongs life and activity of the heteropolyacid catalyst.

United States Patent No. 6,727, 380 entitled “Oxidation Process for the Production of
Alkenes and Carboxylic Acids” of Ellis et al., United States Patent No. 6,548,697 entitled
“QOxidation Process for the Production of Alkenes and Carboxylic Acids” of Ellis et al., and
United States Patent No. 6,476,261 entitled “Oxidation Process for the Production of Alkenes
and Carboxylic Acids” of Ellis et al., describe a process for the oxidation of a C; to C4 alkane to
produce the corresponding alkene and carboxylic acid and further to integrated processes in
which a portion of the produced alkene and carboxylic acid are used as reactants, in a second
reaction zone, for the production of alkyl carboxylates.

United States Patent No. 5,936,117, entitled “Carbonylation of Olefins” of Zoeller et al.,
describes a process for the preparation of aliphatic carbonyl compounds selected from aliphatic
carboxylic acids, alkyl esters of aliphatic carboxylic acids and anhydrides of aliphatic carboxylic
acids by the carbonylation of olefins in the presence of a catalyst system comprising (1) a
primary component selected from at least one Group 6 metal, i.¢., chromium, molybdenum,
and/or tungsten and (2) a secondary component selected from at least one of certain halides and
tertiary and quaternary compounds of a Group 15 element, i.e., nitrogen, phosphorus and/or

arsenic. The process can be carried out at moderate carbonylation conditions without the
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This invention describes a process for the production

of lower aliphatic esters by bringing together in an
w@emsn5a83 reaction a | ower ol efin and a sat ur aEmys2005/038289

| ower aliphatic, nono-carboxylic acid in the vapor

phase into contact with adeterpolyacid catalyst. The

reactant olefin and acids and any recycl ed feeds are

rendered substantially free of al dehyde |npur|t|es

riqgr to bein brou t ontact. with t
necesliod iR pRERBEt e P et SRRy et gl uph as nickel
tetracd?%rﬁ@ ToARR acRIMVEorRite EB&S e/nftt® Hia?é%@afe%@% Puos, 9@8] ¥ntitled
fe ‘and activity of the heteropolyacid cat al yst

“Procetss‘ fqréﬁe&rmge%cepamrd Egters” ef NQ@JW@B@ abrsieparibegia process for preparing
acetic &%638 er by re %[oceasg’:&lgl; z?c{gil %ng an Pgllya%c ] nerogl df‘l n vaz)gr S‘qase in the

presenic@ b€ Etéalhkand @.,chiaBisb&Tecesdt fkdrh ad)ma@éld@&ﬂlﬂoﬁh dcldeaad Sheﬁlstters The
t he Production of Al kenes and Carboxyljc. Acids" of
high agyiyifysofdthe gatalystgan bemainigingd agdibe prcufi i Rbtaigd g hsghnspace time

yield Wlﬁ #&%ane?f tx;n' 1Ik: eP Te8GRRS The re%'f%&eof Fr)ﬁa(?x‘?t%!ﬁﬁr}gotﬂe Righ activity can be

enes an oxy I c Aci ds"
furthedms rasdoeb yaugirgs bestrdatad witlea stxorgeecidas afaraerC2 t o C4

PRt Pl Rnh P P el Pl B AP sty of

YoungMitsehbés PRktHoaTo0the bh:?a@ﬁ@ﬁi blﬂzﬁﬁyldJaKﬁﬂwa&r%nﬁﬂhh@%hdl Bspecially a-

acid are used as reactants, in second reacti on zone,

methy}abkyl cReop Y6t AOMROHNGE biFegtionah oxgimersk caph@did acid compound in
the pre?t n(%ﬁ of.a ;%1%1} rl}g% (ﬁ' z%gﬁt’e ]cat:!i y‘st eﬂlfeI %eoggs algagh?l&@%h%c% lg)?a silica to

ef1'ns describes a process
alumuﬁd‘hﬁok&rre@@bﬂitllmt o1 ad a Qhﬁtramt mdebonyto hnpounds

selected fromaliphatic c oxylic acids, alkyl este
ofn GanpEion %ltftﬁlma%ﬁacven @gr Sl ek i apgtate a large portion

of the @%1 ?ﬁ‘@ﬁd 8%&{91‘?{%%(%%3% L) pklﬁﬁ%ﬁﬁ)n%ﬁlg%ygnﬁt ds98aBHreciated from

ns | esence of a catal yst system
the aboongeférenags, a(sl»)ellaasphcpsmlwussodrbcinwnt sel ected from at

2507 B RREREL O ChEF T vt Al RSB RarOSSr Lt pegprating

seconddr Buholl igdstityoReém@thyt aédtat By h’@mr@aﬁe anglrt efhlyl &deyat@fich
quat ernary conpounds of a G oup 15 el enent,

dlstlllaﬂan@ggnn OPH BTN BUPSCSAME/Oh ﬂesafl@érh kar alméltﬁ)r EE’@@@OVG% (1) a stream
compl\?mﬁ?éouw efcgta?élés Bhaj %P@&?ﬁ&n%n&ﬂ{dk@?é{ [ RIdu@1r 89&%@@ s ﬁ%? cpmprising

enecesst usi ng an’ expensi ve no
at least abrat yiondarg Ibatainbleﬁrorh etiyt aam«ar Thd prosess kaabe appiicelto purifying
c acid or_a formte ester

tetracarb
cthyl SSEIHELT PRI S (93 | YApEashen g P pagisgeidigloned by (b) a
hydrog fal8h lst@E ARED 'Hﬁtaﬁ%hgmﬁﬁﬁﬁ? Brodffed¥akainl (MPis @i ridhlt to separate from

escri bes a process for preparing
ethyl acetate, and step (b) converts it to secondary butanol, which can be separated by reduced

pressure fractionation.

A process for removing at least one compound selected from acetic acid, acetate esters
and aldehydes from a gaseous fraction additionally containing carbon dioxide is described in
United States Patent No. 6,663,692 entitled “Process for Purifying Carbon Dioxide-Containing
Gas Streams” of de Poitiers et al. The process includes the steps of scrubbing in a scrubber at
least part of the gaseous fraction with water and acetic acid to remove the acetic acid, acetate
esters and/or aldehydes and removing carbon dioxide from the scrubbed product by absorption

in aqueous potassium carbonate. The process may be used to remove acetate esters such as
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acetic acid esters by reacting acetic acid with an

aliphatic |ower olefin in vapor phase in the presence
w®200shEaga and a catal yst sel ected from ar omat i BCT/US2005/038289

di sulfonic acids and their esters. The high activity

of the catal yst can be maipitai ned and the product is

obtained in a high space tine yield by the presence of

steamin the reaction. The effect of maintaining the

activity can her .increased by ysing silic
viny! ek 8 Ghlie SE g alelides i & desarehyd fRimthest moe
employéd ﬁmfle Mnufﬂac%ge's@p@ﬂyl a%@ttaietﬂnge rda Emfaetthﬁéheogceﬁlc K¥ld and an

rboxyl ates” of Young, descCribes a nethod
Oxygepmeptarramg o 101th@n>rk§ﬁlncazaﬁaomtqum@ ip threpratabds, oxadailon of (a) ethane

and/or, @ggtfl?/%ﬁe gof prgﬂ&%}r%%’pe 1\5 (a aée }c)b%@nl%/or ggﬁ'gﬁ%g%?}% él%yr?&etic acid.

in the presence of a particular type of zeolite
cata“i The zeolites are characterized by a silica
Summeapy of thedmgnke e ratio of at |east 12 and a constraint
: ﬁ}ﬂﬁéregént }n\Ithlal? roV[eS 9&9@1&5 24 Ma ggs 5\”:? l%rﬂ}g)lf%' (FBr Qlfle overall
ei rvinyl acerate or et acetate a arge porti
throughbut ibénceegsed fr gaved copiea] artviestznedk plirseothsr, pusfitaion costs are reduced
pyrificatjon requirenments, a precia ed -from
by willyang iy Lagcide Sta@wwha‘imﬁla? BB el Elny poTbe Vi ccetate
to ethﬁ%/c&lte]rg@l@r thén @Dm(g‘%‘fih% 3t/ adeehE. USHLY akoth&?@@3antage of the invention
describes a process Tor séparating secondary butano
is thaﬂth@pmtrgc yat¢ (rowmreaterya! veideht iaererdyallyebstiardgd) Isaedupgd math respect to
Convmn(gy %%g%%}e to a distillation colum operating at a
FE¥sh of % ess than 1 bar absolute. This provi des
( A)mahsd LA RANEhE $inj0actdly ind@Rilaikeasn accrmaamrce with the
nponent and $2) a residue or a second stre
mvent&shbaﬁl.ué% gV deactial sthylenrercsic #id ard OBigeR .tfbformrvewl@@mqe and at

least aarﬁﬁltoﬁaﬁo TRE el g?? % om ( ﬂg]pxla@ldg‘[%&]t dride fn%dﬁ’&rs{rre%r? antgitnm/é the vinyl

cetate derive I C react
acetateaﬂrWéth}nIaCWatefoatﬁqe)t(a):aralcacdtlct olid wwedistiyation)tower; (c) separating the

crude pﬁ)%g{:lgsﬁrréglg)lgﬁ% (Q‘ij? p%niy-rh eefa%ti gr%tglg{%éﬁgepg ur qY é]e ﬁ Facetate with

respecﬁﬁ?@h@tcﬁlde%é’d@t SRald i1 CATNERT feBydlé sﬁréhrﬁsﬁﬁféﬁgdifrﬁ’acetlc acid with
but anol, whi ch can be separated by reduced pressure

respect tatheicomigtriredct $rqano ¢idig ¢ nfiged sidepron gontpinieg¥inylosetate and ethyl
acetatéﬁggﬁn%]ee s§8§n§ ge&é Qﬂ?l&%ﬁﬁﬁ gtth?f:zicgta deg\glﬁltl ?etsg?ﬁ? ?c; ﬁlres(flr%n gcetate

Oom a gaseous Trac
produ&@&%ﬁhﬂﬁﬂl{{d@ &?(’ﬂ@@enﬂtlﬁg( vihgl acktatieimahe hexkd sftlestream to provide an ethyl

acetate product stream. Preferably, vinyl acetate in the mixed sidestream is catalytically

hydrogenated using a Raney Nickel catalyst or a palladium/carbon catalyst. Hydrogenation may
be carried out in a CSTR or in a fixed bed reactor, such as a trickle-bed reactor. The process
typically further includes the step of distilling the ethyl acetate product stream, preferably using
a single distillation tower.

Generally, the vinyl acetate product stream of step (c) 1s substantially an azeotropic
mixture of water and vinyl acetate and it preferably contains less than about 0.025 weight
percent ethyl acetate based on the weight of ethyl acetate and vinyl acetate. The ratio of mass
flow rates of vinyl acetate in the product stream to the flow rate in the mixed sidestream is
typically from about 10:1 to about 2:1 and may be from about 6:1 to about 3:1 in many cases.

The step of reacting ethylene, acetic acid and oxygen may be carried out in the liquid phase; but
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United States Patent No. 6,663,692 entitled "Process

for Purifying Carbon Di oxi de-Containing Gas Streans"
w®toodesstgd ti ers et al. The process incl udes theCBUE85/038289

of scrubbing in a scrubber at |east part of the

gaseous fraction with water and acetic acid to renove

the acetic acid, acetate esters and/or al dehydes and

removi ng carbon dioxide fromthe scrubbed product by

absorptlon n aqueous, potassi um car.bona The process
is perhagy Mo&e (YKG iy sarriefguiindbe anop ‘E’%RPi]ﬁd‘él pstor witha

lladAESbaSead et hyl acetate and al dehydes such as
paa'ace% gah9ge The process nay be enployed in the
nAnwbaaraws éorgfo-rpdydingeieyketcetateyandrethyl @eatate omagsbrdance with the

ven G RBE 91 o L AP FET SO B0l iy
acetat@ ¥hdl@tieRna afindram@hhangh dngéate; () ncahdior Féﬂﬁ/l(hﬁg B rcam'éqoeoduct
respectively (a) acetic acid and/ or et hyl ene. and (b)

streanpeagiging ghegving Aeaaioangdfethiyh acqtag ehstepp) ‘Fﬁ@ agstie seigkto a distillation

i r
tower, B PRSI BUECRRRHTE QDR ARIARETAURL il PR D a viny!
acetat@ bmelnctcsaphm&hrlblmdeﬁtvn‘gfmacetﬁe Wltarratpbetrto tkmmhdia watli@Btream; (ii) an

costs are reﬂg@ed by. wi t hdr awi n %: in acetate
acid recyple SHEUR LPEARE] h ACHCRId Widbieapet e cOHg rqdufsiteam; (iii) a mixed
mdestx‘éhﬁyclonﬁl%ﬁﬁg?‘(/ tyt &e?att@é/r{d élﬁ}ﬂta@étﬁterﬁE AGked ﬂ@&tt’éﬁﬁ@éin@%nnched in

he ethyl acefate. Still another advantage of th
ethyl acmaemwub respectttdtie vitd ap@tatg @rcrcbmtastl(eamwamda&dé iieahs ﬁvm ihy#rogenating
th resp

ual.l y. di scar ded red t
vinyl %cg r?vee 10 n[h% H]é A Srl oc%eszam % grox\l € a J?a(%e ate produc& s?ream She means for

hydro¥édnaiihg aehixte sﬂﬂﬁreﬁinhyﬂ:lu&ései @$”ER iréhc R @)ﬂwﬂcwal&ﬂthf\lh Eéi‘taltybt%elected
I nvent.i on includes: 5 reacting ethylene, acetic acid
from By dligksd gatalysts gperpol nﬂa@r@@abédraa@laapn Faalystsa mi nor
anmount of ethyl acetate; (b) providing a crude product
stream contai ning the vinyl acetate and ethyl acetate
Brief Déscsiptpn Ofbhe dhvdwaget i ¢ acid to a distillation tower;
arat,ing,.the crude product streami.nto: (i) a .
Flagve 3888 BB et o armid prehieh v Ginhly gadgegropic
tower Whiiflg a%g@ atethte nidienfef BEBuiNtREMGHd 3h 83N hcetdtéVindNaedtdoutput
recycle streamenriched in acetic acid with respect to
sidestteh@ a@mdmggp @mn@:fprrgd ebediment ofthepresong thventiest r eam
i X
AR 2UCR U B Ch Ba i Y n R} RlcBragd P TULER stream

outpuf (ﬁSIFigﬁic 1 ﬁbcbl‘t&ng/tort)ﬂe paefeired empedigiustofshd @@sant an@ntieh; and

drogenatin viqy acetate in the m xed, sidestreamto
p%tﬁﬂrlé 5% p]é)? H(}hy rogen uptake during vinyl acetate hydrogenation for different

conditions, catalysts and stirrer speeds.

Detailed Description

The invention is described in detail below with reference to the drawings for purposes of
exemplification and illustration only. Modifications within the spirit and scope of the present
invention, set forth in the appended claims, will be readily apparent to those of skill in the art.

Unless more specifically defined, terminology as used herein is given its ordinary
meaning. Percent, for example, refers to weight percent. Throughout the specification and

claims, the following abbreviations are sometimes used:
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acetate product stream Preferably, vinyl acetate in

the m xed sidestreamis catal ytically hydrogenated
wasiongssasRaney N ckel catal yst or a pal | adi un »er/bs005/038289

catal yst. Hydrogenation may be carried out in a CSTR

or in a fixed bed reactor,g such as a trickl e-bed

reactor. The process typically further includes the

step of distilling the ethyl acetate product stream

preferablyahqu%1 &a single distillation tower.
al’l Y¢%'nyl acetate product stream of step

(sdsTR SWkshiAMisaliinky ARk FERRET 0PI © m xture of water
vinyl acetate and it preferably contains |ess than
abBMK’GD)ZEthuékqhne percent ethyl acetate based on the
ogft et h¥§[ acetate and vinyl acetate. The ratio
P s of vi nyl acetate in the product
st‘H@msf toaddiigc 4di@w rate in the m xed sidestreamis
tﬁ;l call'y from about 10:1 to about 2:1 and may be from
aboltAG -1IsprroRdgetals; 1 i n many cases. The step of
r a cetic acid and oxygen may be
c???‘it(%e Ig{%d?géﬁgﬁe {ﬂfqui d phase; butis perhaps nore
ty};dB(Qal—lIyra;bﬁmzo@dnmt in the vapor phase with a

Anl!"i{ c tal yst or with a palladiungold catal yét
gparzi‘tla UMD B0 FERI¥SENG vi nyl acetate and et hyl

acRANY Qr RaRGOPAARGR Y WidkR] &ditydinvention includes: (a)

a reactor for reacti ng et hyl ene, acetic acid and
oXyb¥n tscpatted)tnmc\‘/lel*ﬁylan cetate and at |east a minor

a » O acetate; (b) means for providing a

c?gggﬁpr odnu?'l aXet?tr eam cont ai ning the vinyl acetate and
ethyl acetate of step (a) and acetic acid to a

distillation tower; (c¢) a distillation tower adapted

f ¥inyd @prirta IHNgmeR s used, a)ebqsla BHippmet fcgalrﬁnﬂmwlyw}zea form. In the
mono SRSl ATt SRR SRR ol Pl B
adhesiveg yctydic fﬂaee aoiyarers atdew forth.addéteinatiedy enmml$ibny @Spedtacttate in

the cru roduct stream (iii) a m xed si.d rea .
polymgp et P HE SRR IO CeR A B e ol USSP Rethy! vinyl
acetat®| URS&kE reﬁﬁlml&ﬁ‘;' iRGurRAfd &:BE th VAtoRk Mus@eStiRd Ro¥d tpﬁper rubber and so

respect to the vinyl acetate product stream and (d)
on. Typiarlspeaficaipds ofenzkdcagtemenimerces asfellpws:t he mi xed

sidestreamto provide an ethyl acetate product stream

The means for hydrogenating the m xed sidestream

i ncl udes a CSTR Tahie! oVl acededSpatifidatiorsat al yst

sel ected from Raney Nickel catalysts and

pal | adi um carbon hydrogenati on cat al ysts.

Characteristics | Specification Unit
Boiling Point 72 °C
Melting Point -93 °C
Relative density 0.9 Water = 1
Solubility in water 2.5 g/100 ml @ 20°C
Vapor pressure 11.7 kPa @ 20°C
Ethyl Acetate <0.025 wt. %
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Brief Description of the Drawings Figure | is a flow
di agram of a vinyl acetate production unit including
W@DOosRENSY opi ¢ tower having a vinyl acetate nOPONMES2005/038289

out put stream and an ethyl acetate/vinyl acetate

out put si destream accor di to a preferred enbodi nent

of the present invention. Figure 2 is a flow di agram

for hydrogenation of the ethyl acetate/vinyl acetate

ream out ut of Fi 1 accordin e preferred

o FisB kst Stenpmlly ﬁ?ﬂ*é@ghe hesiyehPpio) Offgﬁtdnﬁ gap@esizptionymedia,
synthel%'c(?&sn@sf afty HeQBEN TYRIcaK e AHEL s VF Kl RERtadE as follows:

hydrogénation for “different conditions, catalysts and

stirrer speeds. Detailed Description The invention is

descri bed i n det W t h of ference to the
draw ngs for purg béeg ko:‘&yéﬁ%g

iSeEEFNIRs and
i 'l ustrathgmactenboes M |Sfpe6ﬂ'1fcht@cﬁ15 Wit [MTdshPiesfidr i {
scope of_the present

pr nuention_ set f3 rth in the
appendegSp¢cafigeravifyl | [0:94¢0a8i90F | gmpar|ehb TMoD RS ¢
skill ip,thgoart.

Unl gss nore specifically defined
term no

and_

A\1”4

of

p ==

0gy asS used herein is given it|s ordinary
meani ng| DrRgillaged ~ [hiel
Thr oughout th

per cent
hBodmgt®itat i on

foll ow
Acet al d
react or
acetate
acet ate
Par a- be
catal ys

exanpl e, r¢
e specifica
s are sonet

fear s
at i on
i mes

t ASTRI PhD78
and cl ai ns,
used: " AcH"

t he

thﬁﬁc" Acet

"1 _ Pr |l o

Uw%@ﬁﬁ Oﬁﬁbﬁét Hy1e

yl~ ket one;
ifc acid; '

nr aonv a

i noous o

T

1- Pr A

nhnl -
Ty

t Acl"

R

c" - |sopropyl
" nDBAY

néﬁ@&Wnoné LEd

|
Wﬁﬁiﬁ“ﬁm

oa
T\
| &

hefitihn

o> B BdAI3

PunﬁﬁaNl or "R

eI

WA

diccKket

cat al yst ;

Max. 0.5 wt %
Max. 0.1 wt %

ASTM D 1364
G.C.

Water Content
Ethanol

Ethyl acetate is a side-product impurity common to vinyl acetate manufacturing that
requires removal in a purification system. Vapor phase, palladium catalyzed vinyl acetate
systems typically produce ethyl acetate at a 1000 or more ppm level, which must be reduced to <
250 ppm in the vinyl acetate product. This reduction is conventionally achieved by distillation
to concentrate the ethyl acetate in a waste stream. This waste stream (which is typically
discarded) is currently minimized at high operating and capital cost to reduce waste of raw
materials.

In accordance with the present invention throughput is improved because there is
diverted a larger mass flow of vinyl acetate with ethyl acetate in a sidestream which is provided
to a hydrogenation reactor to convert vinyl acetate in the stream to ethyl acetate. Synergy
derived advantages in efficiency, product yield, energy consumption and capital costs result.
The co-production process reduces azeotropic tower rectification requirements and energy
usage. One benefit of the inventive process is that it enables regional EtAc production directly

tied to ethylene raw material pricing without spending capital for building a dedicated ethylene
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"STY" - Space/tine yield; and "VAM' - Vinyl acetate.

Vi nyl acetate nononer is used in both a nmononmer form
warde/asyped yrneri zed form I n the nonomer form RATIY$2005/038289

acet ate nononer has wi de applicability in manufacture

of synthetic adhesives, aqbylic fiber, polyners and so

forth. Alternatively, enmulsions of vinyl acetate in

pol ymer forminclude enul sions containing ponvinyI

acetate, polyvi al cohol and ethyl vinyl acet
acetoxpitioa bated I%tr’-\arpgogwlpm R S ISgBBEP TRl %&@ trrﬁ%mgl?qré% cost than

an EtOH %@teﬂﬁ@ﬁron%ﬂ% Fh thd QQ’EE gﬁﬂ%t‘f’&l QBacitlypi cal
specifications of viny cetate nononer are as
f dlsipoavsousifadipéained, \herwbdtmben af @ vigpbasicfatc mbhomeiHs el known The
cetate | raII used f ad ves aint, offs
method e e Gr EnmB ATEc e 24 0y AHEEY B WRRR e ririnedie oxyeen to
pnxmédﬁ@vnﬁygmﬁﬁhn@ﬂﬁﬁkﬁngat|ons of ethyl acetate are as
follows: Ethyl acetate is a side-product inpurity
conmmon to vinyl acetate manufacturing that requires
renmoval 5in a purification system Vapor phasg
paIIad|”n1cataIyzed vi nyl acetate systens t4r|cally
produce eth acetate at a 1008 or nore ppmllevel
whise h—nﬁ_f—éé' redteT S 2< 250 pprtt n ke viGiyT— OCH=CH,
acet at el product. Thils reduction is conventlonﬁkly
achieved by distillation to concentrate the ethyl
acetate in a waste strean1 This waste strean1(mhich IS

I cal di r ded rrentl zed at hi
i<kprdale By aiof Sidress i iah oM efdits fondyger in
mdestx'%ﬁ&ﬁff'vﬂ{ﬁ acdtiteRASPLEMIE Zlemstraaﬁmy pheel abdMEEV)ON
t hroughput is |nproved ecause there is diverted a
| arger mass flow of vinyl acetate with ethyl acetate
in a sidestribn1mhich is provided to a h{drogenati on
reactor to c %vert vinyl acellate in the §treamto
et hyl abdétraté—SPRBFgyHderived—advaniCages —+nOCH,CH,
efficiency, product yield, energy consunph;on and
capital costs result. The co-production process
reduces azeotropic tower rectification requirenents
and energy usage. One benefit of the inventive process
i Yaripag hyi O@namrE@eﬁhéés waxbe Bedciopetinpleiasadi stegs qoyltmuous
stlrredt tlar?lgl {eta?to g@g’t}?ﬂ% CF t?%l%%g d&p%l ?J%E | CIVﬂgl? T ﬁgwllotgtcatsap esgst llncl)rﬁerous

Ing a eacet ox

optiorﬁ&&eﬂ/aﬂbbﬁe il @dibg Ragsy Nindrid HdV(étype&aﬁDﬁst Bommtathlysts are effective.

1.8-2.0 tinmes higher in _cost tha
The use of the mckel catalyst in high acid steams that could potentially come from azeotropic

tower side stream locations near the base of the tower is not recommended. The Pd/C
hydrogenation is substantially equivalent to Raney Ni. However, the nickel catalyst is generally
a lower cost catalyst system that is available for hydrogenation of purer vinyl acetate monomer
(i.e. one with lower HOAc content).

Alternatively, hydrogenation of vinyl acetate may be performed V\;ith cyclometallated
transition metal catalysts is described in United States Patent No. 4,645,849 entitled
“Hydrogenation of Unsaturated Hydrocarbons with Cyclometallated Transition Metal Catalysts”
of Lewis. This method for hydrogenating unsaturated hydrocarbons comprises reacting an
unsaturated hydrocarbon with hydrogen in a solution of cyclometallated complex catalyst at a

temperature above about 20°C, the unsaturated hydrocarbon comprises less than about 50 mole

percent of the reaction mixture and is selected from aliphatic and cyclic olefins and alkynes of
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an EtOH esterification unit with the sane production

capacity. As previously explained, the production of a
woovghsaset at e nmononmer is well known. The net hpdr/US2005/038289

conpri ses the conbining of acetic acid (1) and

ethylene (1) in the presgpce of oxygen to produce the

vinyl acetic nmononer (l1l): O OH3C C Il OH + H2C=CH 2

o HBC Cli OCH=CH2 1 Il IIl In accordance with the

nomer

rom b Y AT O Y B ASE RACTEE, b et

or alk {1 RAhbtyHalityPWitfin %?Hﬁbban@@ﬁ?a@i&ddf‘ﬁdm 184 BBokaldms and siloxanes of
OCH=CH 2 HH3C C [ | OCH2CH3 |V S

from 1 to 10 --(Si--O)-- units having olefinic or alkyne functionality within hydrocarbon radicals

of from 2 to 4 carbon atoms, subject to the proviso that the unsaturated hydrocarbons contain no

acidic functional groups, and the cyclometallated complex catalysts having a 4-6 membered ring

with a chemically combined unit of the formula:

wherein M is a transition metal, L is a ligand selected from the group consisting of phosphorus,
nitrogen, arsenic, oxygen and sulfur and C is a covalently bonded carbon atom of a hydrocarbon

species having at least 6 carbon atoms.

The ring structure is typically of the formulas:

(- CIX
Z// z/ \

where Z is nitrogen or carbon.

Preferably, the hydrogenation is effective to convert all or nearly all of the vinyl acetate
so that the hydrogenated stream can be purified with a single distillation step.

The following description and examples illustrate preferred methods and apparatus of the
invention. These examples are illustrative only and do not limit the scope of the invention. All
percentages are by weight, unless otherwise indicated.

There is shown schematically in Figure 1, a typical apparatus 10 for manufacturing vinyl
acetate by way of a vapor phase process. A catalytic reactor 20 reacts acetic acid, ethylene and

oxygen to produce vinyl acetate, which exits the reactor to a product stream 22. Stream 22 is
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Various hydrogenati on nethods nmay be used, for exanple

a single stage continuous stirred tank reactor (CSTR)
wm200e/05318xkl e bed type reactor. Wth regard toPCT/US2005/038289
_catalysts, nunmerous.options are avail abl e including

Raney NI and Pd/ C type catal ysts. Both catal ysts are

effective. The use of the nickel catalyst in high acid

steanms that could potentially cone fron1azeotropic

coolecf oweretfﬁlfle&: 8?{‘?}% %Jn \glnc%ﬁt dggfv&py %(réert%cg gﬂﬁs al? fuérgnhﬁ.t(er\{\fié product
streanS2PEbANhE BbtdMm %ﬂ tHe\adb&bér feedsRaneyothpe tdﬂ%’iﬂﬂe TAn(ﬁlha&y streams are

~ni ckel catalg is generally_a | ower cost catalé
omitteghfor BYRPOIFALT PEVEY.AY a@wéefcenﬁﬁyafi ByeRail BA theé fades Patent No.
6420%99%5&@%38@5e nmononer (i.e. one with | ower

Al'ternatively, hydrogenation of V|nyI
aﬁlelc&tseremrayZSkmnpsis frinte df winly hacetatd, @oaticadclddneldvater, but also contains
transition t catal ysts is described in United

signifigpntamoupLy iﬁ“*%6645 849 entitled "Hydrogenation of

Uméabysmse%grakéédﬁm a&&&e Swittet dhd6dr ARt @rhinehks from acetlc acid.

~ Transition Metal Catalysts” of Lewis. Thi's nmethod fo
Vinyl hgetate gqugthﬁgwmmsmm g thf;/ulmmbme@mawatgo mptrgps:,ls taken overhead

as vin lea[ac%{a € 0}9‘ 1110t 4n é % k) atl"ﬁ? v%,g %8&(9 St Z%Ap s %l{lergl?)? f;romnm@/o to 90%

ONEet a ated conplex ca

acetic heildpehihus ﬁ?tlﬂ’héﬁ/ﬁ) tﬁb@ykterﬁ.mc t he unsat ur at ed
hydr ocar bon congrlses ess than about 50 nol e perce

of\ Srdrave slEeanp A Hileealedat #p glavatiapgherdbary the ﬁ@daqqdﬁh’é@(di ferward for
hydrogé?l%lsﬁf Céfr&n?b@t:bxﬁ%g? Q/@\l\@}' lklé@ O}PQ faf;é'tQtQWagd L Qi %Qlcﬁla Prher

aromatic rocar bons’ rom 8 caf
discusa¢blmdowavi ng olefinlc or al kyne functionality mnthln

h%ld%%g%rgggfglfsrf% R gfaffsa{c (g’gurﬁ%?%vglo ds:%yggesa TR reactor or

a fixe@b&f teRttbr, 96 gettids Wit aﬂwa% de@R@bdrh W2 WRteth@r Jwgtfa)ﬁ@mmeludes stirring
radi cal s of from2 to 4 carbon atons, g}ect to the

meanspif bydrogenanan is ¢perieshed iy sauiéan. WW@Mﬁb@h oM dYldedhby way of
strean?’gg %l cég(r el(lﬂ{% F o@?&toﬂ%(g ﬁﬁisthe %ﬂ)qig&h &y x: eg@cea\té al feﬁ f%rward at 44 to
a dlstlﬂi&&rﬁ' o8t ¥6 (Mhnihl rﬁﬁ:}ddea’ldltVIdéﬂ ot bslitfi@werdsahowh.- Fthedl ethyCacetate is
withdrawn at 48, while acetic acid is recycled via line 50. Overhead from tower 46 is decanted
at 52, providing reflux to the column while minor components are purged or vented.

The present invention compares very favorably with conventional processing in terms of
raw material useage, capital, and energy costs. Consider the following. Oxidative acetoxylation
VAM production units typically produce ~0.0016 tons EtAc per ton of VAM as a reaction by-
product. This by-product is an impurity that must be separated from VAM for generation of
sales grade product (<0.025 wt% EtAc). EtAc, which can be concentrated as a “bulge” in the
azeo-column, is then typically purged via a liquid sidestream draw-off below the feed tray; note
the ‘595 Hallinan patent referenced above. The purge sidestream generally contains VAM,
HOACc, H,O, EtAc, and AcH in various ratios depending upon the number of trays in the azeo-
column. The sidestream, for example, may contain ~17.5% VAM, ~9% H»0, ~61% HOAc,
~0.6% AcH and the EtAc is concentrated up to ~15.5%. The VAM unit eventually must dispose
of the EtAc impurity resulting in an efficiency loss plus the energy and equipment costs

necessary to concentrate the EtAc. If the 0.16 wt% EtAc formed in the reaction step must be
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wherein Mis a transition netal, L is a ligand

sel ected fromthe group consisting of phosphorus,
wOondos/08a83 ar seni ¢, oxygen and sul fur and C i SPGI/US2005/038289

coval ently bonded carbon atom of a hydrocarbon species

having at |east 6 carbon ggons. The ring structure is

typically of the fornmulas: where Z is nitrogen or

car bon. Pr eferably, t he hydrogenati on is effective to

actenuRR Yo SpinisaBbn BT ot Bt R Oa B b i T B 2y PRl it

concefratéd 10, ﬁir'e@é‘mﬁleeDS 5 VA%, dtidll reQids M9 a SRS istrBdrh @it &ughly 0,135/0.155
exanmpl es illustrate preferred nethods and appar at us” of

= 0.87hevivied thd BAM predyetianaatep IResnoypkofidll the Efdg woeldaaqujre a purge rate
of ~ 1§‘W| do not limt the scope of the invention. Al
per’cent ages are by wei ght, unless otherw se indicated.
Tlmetkerhe prstminvencibe mbdwabh ys mregi%t@lmeh ihat aorhkhmb@ JAM and EtAc
paratus 10 for manufacturing vi n¥ acet ate %@/
manu actyaﬁwnwgéum Suexamplg, pog-tougthijof hee\éé%?apzew %hmmate the
curren"flgieatch@e Selsthg S EER BRE GX%EEIM t\&%st@rs@gzﬂﬁ o Yol EtAc as an
etate, whi ch exits the reactor to a product stream
impur2@in S}och'antl@z Vidddod\ exhcemedanAdf JfEu’emo rodtiaion 2dhitwiriuddnot only
.. feeds Vi .acetat e abso um .26. . Crud
climinggfs AL Planr S8F o nal BoreBiIST AR GERERERF VAM catalysts
and reh@6H6peRdtingZRaliti0RStHabWele BSgndNGirhinghire XA E Biafbe
omtted for purposes of brevity, but may be confi gured

aBefeadng todigwees Urind 2pbayaadigtpalume lingid wlesreans Gge., ~25% of the
AN RN 1 1 A SARRL Bk B o W
contingé gnédncerdtrite HPAMhS logh edlhwk residicateyclelomwaim add a low acid, low EtAc

cone SRaaRLED S Pl SEL T UV ER Ui S bl b

should’\@dn%[m @HH{aﬁﬁﬁV!AM Bul8lsY bB¥bntHaE HEO Ea WRAIEEMBER U TRPLC Iafid a
t aken over héad as vinyl acetate product stream 32. The

sufficientprantiotafditbc $o p@arﬁe%uffw‘gé memldf yhis VeVl TOpautity t@@tintain

speci Bt § AN ofubifo S i L S08G a0 B BY 3o s fpp s ollovs:
~94.3 WABRTVANE ~f5e28 Wi H,0, 0.2d Wiy Mond, 4 ~(ySee @At Biydrogenation of

this stgg{rrg?rgnglgc% g,%?ﬁqg:ﬁic \I?rot\)'\c/lluct (>94%ea}s|51a)gfl) cgr%z?ltn?ntgeHSRg \%gtgrt Iagd a low
concentration of light-ends (some from the crude VAM and some produced by the
hydrogenation step).

The invention is further appreciated by reference to the following examples, wherein

materials, procedures and results are summarized in Table 3 and further described below.

Examples: Hydrogenation of VAM to EtAc

General Procedure: A 300 ml autoclave with stirrer was configured as a batch
hydrogenation reactor for testing both Raney Nickel and Pd/C hydrogenation catalysts with
either para-benzoquinone inhibited VAM or a synthetic sidestream VAM mixture. Hydrogen
uptake was measured by pressure changes in a ~2500 ml H; reservoir used to feed the reactor Hj
through a pressure control valve used to maintain a constant reaction pressure set-point.
Temperature control was generally accomplished by the flow of chilled water through an

internal autoclave-cooling coil after initiation of the reaction by starting the stirrer. Reaction
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di scussed bel ow. Sidestream 38 is fed forward to a
reactor 40 (Figure 2) which may be a CSTR reactor or a
w0 200ed5€d reactor, together with a hydrogen seCEE$0652038289
Reactor 42 optionally includes stirring neans if
hydr ogenation is carried ?Ht in solution.
Hydr ogenation of the VAM fed by way of stream 38 is
carried out in reactor 40 and the product, crude ethyl
acetate E gorvvard at 44 t a,(iii stillation tower
samplgr%wgmlceHe% rg the fRagtopu@d aoqmtgrﬁﬁ stailesg steelidltering glement placed in
the auEJc[Hv%hRQacﬁfgﬂ%ha&@?k@ﬁ(ﬁnbﬁs Hﬂeli‘l%eﬁw d&th éh%’rez‘(@%r]s% le analyses
acetic acid is recycled via line Over head 1%
were inclwaed Mol abEBde@mht:de)d Retactich tupcsnﬁrlnlduua@) liseefdl in abka BtIhﬁ:r to the Hy

colu whi.| e m nor co a u oy . vente
uptakd A ioR, BB B g s YR e B dbref AR comparibilty
of RalPWHE MO AN @dntA1hidg @&etibg chdrgdse 'TRe RN s iBh&E kRl iments was Grace
useage, capital, and enel\%)@costs Consi der the

RanewﬁlpovaStor@i mé@r. watera NI X H a2 RodryVenglp) wasdnsegribree times with
sor ol SRS BIH 525 0 RAC A BOSASREEL 0 A o
with addipionalt JOAbaV AMsthibeedsepapBOEA00 pprm) WAdvhdded to the autoclave, then

enperation of.s | e r ad roduct . (<0.025
the aufbelgye WiRPESELA BEINE ~ﬁt1?£§1§da@sheated5%rai@ ity Ying (1500

rpm) BELPH6@k UMe pfo%iu&mﬁupla/mscgleérym%weagd Viag aﬁ\alyieq% dontain 3522
si destream dr aw of f bel ow Tt he feed tr% note the '595

ppm Nial 1 Bweth Faét éne2 mateY AN &b S%aide EtATRE uvtC{eHQ/’desTheathlmmary

gener al | ont ai ns. VA .
exper BT s e PO ATHE R oy R et i GRS Bl aaiion of
HOAd tBQh@?e@@t@fJ' Thprodh@ feontlgsd fegtamas ek “emamspioﬁ)r af@Yvas analyzed to
in -17.5% % VAM . - 9% H20O, - 61% -0. 6% AcH and
contaifie BAH:0s 26: 33 6% iserepangh and 7375 VGV Vb NgPmRebility

probleﬁse\g%rlée#)%éfvém&hﬁj% g%@ﬁﬁ?lolﬁuttﬂ%gpr@dﬁ@e bf‘ﬁ@ﬂct%&%mﬁ:ﬁm resulted

I Cl ency us t energy and equi pne
in unacoqateﬂalmmicbslsamyilttplasmcentrate the EtAc. If the 0.16
wt % Et Ac forned in the reaction step nust beattenuated
to a specification |evel of at least 0.025 wt% then

Raney Ki @atQ}y%é’tﬁH% Yoeieliion (Ekfeplkd 1-epncentrated to, for

exanple, 1I5.5 wt% still results in a waste streamthat
i §1wm@m\yoqha\@§sam cambyzed . /’N@?deg@\r)at@ﬂ rtultseWMAlvrmducted The first

experlﬁqeﬂg ?’/rbt)rwaa%?nadf Eé%wflﬂ har f’fé m k un% éalt)ove tI 4 f)eressure of
110 pfig, @mt =13 5a)mfp:hgrtatgetdempex’atutréﬁatsownbhm@cfhk\(&wbaadlre from the

Et Ac i
exothermic reaction was 85°C.

Example 2 was a repeat of the previous experiment with a fresh charge of RaNi (washed
only with I-PrOH) conducted at a pressure of 105 +/- 2 psig, target temperature = 50°C (peak =
61°C), and a ~1500 rpm stirrer rate.

Example 3 was also a repeat using another fresh charge of catalyst. The peak
temperature was 54°C and the pressure was controlled in a range of 100 to 105 psig at a stirrer
rate of ~1500 rpm.

The reactor pressure was increased to ~204 psig for Example 4. The reaction
temperature target was 50, but briefly peaked at 89°C about three minutes after the stirrer
(~1500 rpm) was started. The RaNi charge solvent exchange for Example 4 was attempted with
just VAM to rinse off water from the catalyst, but the water reacted with the VAM resulting in
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manufacturing units may use, for exanple, one-fourth
of the VAM capacity could elimnate the current
wEe@mensaes of using an azeotrope tower sidestr eEIm/Us®HF038289
streamto control EtAc as an inpurity in Specification
VAM A concerted VAM/ Etfpe co-production unit would
not only elimnate this EtAc "bul ge" waste stream but
it would al so reduce the need for VAM catal ysts and
., reactor ti condi tipns that were designed to
solds iR DB S GRHGEIEO! REETPE 5Py SguPUdetelafie pereen
color, BRPYL evBIUod vab HotE A h&w bﬁal?kﬂ%ﬁ?g%%rﬁfse@using #e 10RO H
the"VAM unit production rate) taken at a tray slightly
procediov 4 lsohenety &AM dorst sol wimnt wasayepaned wingoWaMh{remi 55 gallon drum
w1h~§?ncentrabg EEAC up a high volunme residue recycle
! PRI AHA“ RN YR Hei d, | ow Et Ac content overhead VAM
sExaaple Sheed a fiesiViidr glisfl RANIahdt avns firdthised @ith se@rdpafiol fdllowed
si destream shoul d contain primarily VAM but also be
by VA itngesie repeye mogipfhe | t Tl repeiQ teniperagirg es maingaiped at
o ' t j f1in&l QU -1 D
S o B e R L R By B cy e vas
~1500Thm. | Tigulodbki sdbshr @@hangayndibaderesulednpo sow mater seat” VAM
h follows: -94.3 wt% VAM -5.28 w % H0O 0. 14 w % HOAc,
ydrogargliom™s \wt o6 Et Ac. Hydrogenation of this stream
PERAHBIES WasCd répént BF fe BXaRPUCS udind HRBSISAIOubEOI RinhétBange
HOAc, water, and a | ow concentration of |ight-ends
methodsareactiqrotemppratuse afied 07AMndRd casion prseta o8 d [ BlypsiieHowever, the
. __hydrogenat | L nvent i ' r
sirves RN IIRETERAE 09 1Y <A Eroyf PR @ Bt o0ty g pronounced a
the lowest@den rav@iuel thallh uppike eatel was sssamshllyesuint imlfar e
summari zed in Table 3 and further described bel ow
Exanpl es: Hvdrogenati on of VAMto Et Ac Genera

Palladlf o U on @ﬁ%a@ﬁ%&ﬁh&\/@%@ Sty rer was
Igured as a batc ydrogenat i on reactor for
t €btee rgpdrondntRaaeycohiluite usarlP Mg/ 6 g dnegeartami sopport. The Pd/C
.ca ts, W t I ther para-benzoqui none inhibited V.
contaift S 17 il Tnd iy R EhToR T AR ER Ton M pchsto R pkivere
report¥@f TRASU6LE “@y” Bagssure changes in a -2500 m H2
reservoir used to feed the reactor H2 through a

pExsapled vibzadriBPAe IR, Eidwd Vil @ ead thed’ dleoratelyst to approximate
hydroée%%ﬁ&ln 8Pa RIAST IM Fionet 5iB%¥tRhm. The run was made at a pressure of 107 +/- 3

psig at a temperature of about 50°C during the first 30 minutes. The hydrogen feed vessel

showed no drop in pressure after about 4 minutes reaction time even with a ~10°C increase in
the reaction temperature for the last 35 minutes of reaction time. The stirring rate was ~1000
throughout the run.

Example 8 was a repeat of the previous Pd/C catalyzed experiment, Example 7,
including an increase in reaction temperature from the initial target = 50°C to 60°C during the
last 30 minutes. The stirrer rate was ~1000 rpm during the run and the pressure was maintained
at 103 +/- 3 psig. No H; uptake was observed after the initial 6 minutes of reaction time.

For example 9, the reaction vessel was charged with only Pd/C catalyst and VAM
inhibited with 50 ppm pBQ. Operation was at 106 +/-3 psig pressure, initial target temperature
~50°C during the first 30 minutes and 60°C during the last 30 minutes at a stirrer rate ~1000
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Tenperature control was generally acconplished by the
flow of chilled water through an internal
waeieessasxe- cool ing coil after initiation of theCT/US2005/038289

reaction by starting the stirrer. Reactionsanples were
coll ected fromthe reactoF via a sintered stainless
steel filtering elenent placed in the autocl ave.
Reacti on charges, conditions, experinental data and
react or sanpl e analyses were included in Table

rpm. ‘Flig %’%‘Fﬁé’ﬂ’) or fhéseaat ¥AM .r%@Slchﬁdﬁa@@%f)xw@tt@ap?rﬁt%ea%ﬁ5e9 § during

pnel S

the ﬁrgt%g?ﬁnm e 1 d%a f‘ﬂﬁpgelrfi(% stdp af‘(%:r 18 éﬂru%gfe%éﬁﬁemmﬁ@

cﬁﬂmatanlntivmm;subﬁ arRa:N valghrel-DAc cont ai ni ng reaction

ran TR gk ol fRe AL R e or IneRakr B of Y Fydrogenation
to EtA@waSV@be lir&r)amﬁ&hé bXpeBchehiMl Afs! MRS thei dufbclSe RliRRaAR! made a

ain wwth HOAc in a 125 ni flask and t hen was
notlceablad asencedn Ho upteke.alip 5k uplake wasiobsatved wress the-gtiager weamarted.

The st‘rHJl] tﬁge Wa%] nse]a?:%ﬂ{e%%?ctf&ﬁ@mé/@%l%q‘gtegl §8nt H%ewgg%wﬁi catalyzed

aut OC ave, € autocCl ave was pressuri ze
autoclhwve dxpﬂ:ﬁmpsﬂsg Alhodghediret coaparsdeof witidl Hytuptakie mj;e( beéta®én RaNi

f ~2 h duct
and PB bl i vt 286 HBVoh e PR 51 gBieT R 1o b
hydro %911017 fund at Wb &(Menpaﬁ&l%%hﬁjéfﬁﬁesz Irh6 Ran %&tﬁ@&i ruFE‘ %vere made

prelimnary experiment was repeated using the
at rougldp pr3&(pav\/a\l) catabgécoriggmtraﬂonh The SHUBAC pxmmregtso{vere made at a lower
duct fraom thi

£
cataly% cgpcewggtlé)rr é £F Wit (WRN%COE r%n a me?al ﬁ)oa(afn)g e qsp{ectlve 10Wared the

catal y Q&N k<00 25%1Ph H2OreaddoR &mpl%lms@p rn&@&ﬁ@di by &ed,/take’ 5p) were
w % VAM No conpatibility problenms were observed wth
compgrallp pefyes the Wi andiidecal wiegscrers thepepgionmglas §& - §eang7-0.004

t L
o G P ORI B LN RESRE Y e
from thats hlp'ﬂlﬂit extésafoe alRafihe carsabythexdtalfAld) lad r-0Q e tginare/Eiserghour
re nduct ed. Th rst experi.nment (Run-
(exclufigdhe, Em) T cite SAEPigh PRASAG GRS BT a2 o bV Lp dypeenation

molar @oRVESSHY Ker@thi 9B%) Gor dst bf B e&Eérﬁnental]fﬁlQ@(ekamhng the first RaNi
target tenperature = 50C. The tenperature from

and Pd/ﬁeuesbotTﬂile MAM qoemnamnwsle@mn EQangl Bwtanageagtor product
[e of .t he Vi o riment with a fresh charge
samples (%ﬁgﬁflmgvt\%es étgq i %ﬁer% f% P‘ﬁj) ProH) conducted at a
prepwites sadh &AFOAL an& ARH qie corisgait witmpalaliydieysis 2CEOH can

eak =
be forr(nre):d by the hydrogenation of the AcH. Ethylene and HOAc can be generated from VAM.

Ethylene can be a source of butylenes and hydrogenation of ethylene to ethane and butene to
butane would be the expected subsequent products.

The liquid phase, heterogeneous catalyzed hydrogenation of VAM and mixtures
containing VAM was thus demonstrated with high conversions (>95%) at good space-time yield
(STY) reaction rates using mild hydrogenation conditions (i.e., 100 — 200 psig, <90°C).

Both Raney nickel (RaNi) and palladium on carbon (Pd/C) heterogeneous catalysts were
tested with Specification Grade VAM, and the experimental results were fairly equivalent.
Vinyl acetate hydrogenation in solutions containing acetic acid concentrations of 60 +/-5 wt%
were also tested using Pd/C catalyst with good results. However, the RaNi catalyst system was

found to be applicable to only catalyzing hydrogenation reactions of VAM with low HOAc
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6 10C), and a -1500 rpmstirrer rate. Exanple 3 was
al so a repeat using another fresh charge of catal yst.
wOotee/pEsass t enper at ure was 54C and t he pressur ePOEBS2005/038289

controlled in a range of 100 to 105 psig at a stirrer

rate of -1500 rpm The rezgtor pressure was increased

to -204 psig for Exanple 4. The reaction tenperature

target was 50, but briefly peaked at 890C about three

m nutes after the stirrer (-1500 rpn) was started. The
contenbalNg ta-thg sofibildtyiof aickelHdR é"g)‘g%rwl}zg(laﬁﬁp]écd&n%gesswe RaNi1 catalyst
lossesdttenpted with just VAMto rinse off water fromthe
catal yst, but the water reacted with the VAMresulting
i Bggirodist shpurkiesgutinay, kthad@ Hutene f dnddiatans ecbré prodtided in higher

rinsing.steps, the ution devel oped a green.col or, )
quanifjefd FERG e S a2 b SR e Ry o i 4 dogation of
ethylehé R§BHadbd rinke inl theN &kl aBEtRCRAUPEC dladiit edbetig¥nYANtetone
feed solution was prepared using VAMfroma 55 gall on

formationdyriia RaNigEnp s pitituteskin AshArpgametioErbisprrep®ol yisd ta rinse
water fib&Sthe RARS ?ee"fﬁ{”} Bﬁalr\!%?t hat was first rinsed with
I ol'T owe

sopr opano by VAMrinses to renove nost of
t hétidl HRrupthke Thtes neddbs RaNi exppiémaitts meraved3 graolet/Aihrad 160 psig

B AL LT R TR A

| & k 9t Wesil1ERemn
to 2004 BWER ok ite XS 13 GRS RBPH LA dind U6 WHLRS rate

observsfl fotehamagtions Sondicted at he0 Rag.NAuthslayk etisen ratentwere varied from

750 B0 PER a1 eSO 040 o TR RAY oot Ppsplice e

Raney ftie] W8l dIRChe pecgetrdiycafdyst systerm f&rQ fspid-aldiR” ExAQ¢ pedttion unit
was noticeably | ess pronounced at the |lower stirrer

that wealdédedpdihighasiqy (essentiedly Spedligriiondseder YAM-y cut in
h . ' | . . ' .
(i DR S RO A R B VARAR B AR mosgapplicable

to conkiMictio¥ooPile wpraducaom omitsstu pykeraklvantiye Hdh<maoimgiafadale capital

. 58. 13.vvt%)—&0.. The catal yst charges were adjysted for
savinggassqciaiehy i buildine déaeer et QP YAMisgleg and to
suppl}bﬁ§4§feed5tock. Other advantages of VAM/EtAc co-production are: 1) the elimination
of the current azeotrope tower waste stream (~1% of VAM production) required for EtAc
impurity control and, 2) the need to used catalysts and VAM reactor conditions that are designed

to minimize EtAc production.
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W@2Z®60308er si destream The run was nade at a PIBESMDF038289

H2O, Et Ac,

VAM pBQ and the

of 107 +/- 3 psig at a tenpgrature of about 50C during
the first 30 m nutes. The hydrogen feed vessel showed
no dr ep—A—pressure—after "bJuw" hg-esTHeact-on
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catal yst level to <0.075% Pd. The reaction conpl etion
(as neasured by the H2 take-up) were conparabl e
whabwesnst he Ni and Pd catal ysts as were the rEERU$2005/038289
rates, e.g., -0.065 +/-0.00% gnole/mnute for the VAM
hydr ogenati on runs conducted w t hout HOAc. The STY
calculated fromthe H2 uptake rates for all of the
runs (both catal ysts) was -30 +/-2 gnol e/ Liter/hour
(excluding the low stirrer rate and hi gh pressure runs
in the average). The VAM hydrogenation nol ar
conversions were high (>95% for nost of the
experimental runs (excluding the first RaNi and Pd/C
runs). The VAM concentrations varied fromO0.02 -
1.12wmt % i n react or product sanples (excluding the
initial experinmental run) Inpurities such as HOAc and
AcH are consistent with VAM hydrol ysis and Et OH can be
fornmed by the hydrogenation of the AcH Ethylene and
HOAc can be generated from VAM Ethyl ene can be a
source of butyl enes and hydrogenation of ethylene to
et hane and butene to butane woul d be the expected
subsequent products. The liquid phase, heterogeneous
cat al yzed hydrogenati on of VAM and m xtures contai ni ng

VAM was tihug] demmngt edT i A7 ni gRT comveTrSions (SP5%
at gaod spa§e-ti$}e yiEl d (BTYF| rleadti|en [ dBes|RUsi|Hy
m | dﬁahydroggnatiibn condilt [@ngs(i|. eX} (T00| -|20(N|ps¥y,
<90Cg| Bqt h=|Raney| ni ckel| (RaNi ) [and| pal/l adi ym gn
car bgfr (Rd/ g) [heteray aus| cgrarysrsiWerg_tested_w th
Speci i cgt i'oh |G adesVAM | Zend |TLhe expefd nental |Glesh| ts
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+/ - 550 %|wete |al s@|t €31 d |Disi|RY PABLC [Eat al st (B 8|8 8~
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foun@itolbe"lapnlicablel tiol onllyl clatlal yizilng Eé:g
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formation during RaNi runs was attributed to
dehydrogenati on of isopropanol used to rinse water
wd 00603583 RaNi reaction charge. Initial H2 uptrkRUS20056088289
used for RaNi experinments were -43 gnol es/L/hr at 100
psig (system pressure), ~50 and -1500 rpmstirrer
rates. Doubling the reactor~0Operating pressure to 200
psi g showed an i ncreased H2 uptake rate that was at
S hree tines the uptake rate abseryed for bat
R T e o e
modiqé{isrg, H8h e CREMhEEs wnﬂm ch §;9nt &@&Qﬁe S mnw e«u%éfeaduy
ave a directly relations
appareumtcatheser off kill Raﬁeyrtmhck@w afishg ’@)retg@rtglﬁsqyls%orerrﬁleuant knowledge in

e a3 BB 3 AR PR Sl

Descripitiog] the @atlogire & beRich MAMIL iByfipo@itcitteeeig 8y ﬁﬁf@ﬂ:hﬁd ifithe®description
VAM and Et Ac of the invention is perhaps nost

is deeggduPReEBSsEt 0 construction of new production units to
t ake advantage of the econony-of-scale capital savings
associated with building a | arger VAM unit necessary
to supply VAM sal es and to supply EtAc feedstock.
O her advant ages of VAM Et Ac co-production are: 1) the
elimnation of the current azeotrope tower waste
stream (-1% of VAM production) required for EtAc
impurity control and, T) the need to used catal ysts
and VAM reactor conditions that are designed to
m nimze Et Ac production. Tabl e 3- Hydrogenati on Run
Condi tions and Results*HOAc, H20O EtAc charged to
reactor Run HOAc H20 Et Ac total 199 52.35 13.44 13.18
78.97 207 52.13 13.49 13.24 78.86Wile the invention
has been described in connection with severa
exanpl es, nodifications to those exanples within the
spirit and scope of the invention will be readily
apparent to those of skill in the art. In view of the
foregoi ng discussion, relevant know edge in the art
and references discussed above in connection with the
Background and Detail ed Description, the disclosures
of which are all incorporated herein by reference,
further description is deened unnecessary. WHAT | S
CLAI MED | S:



1. A nethod of co-producing vinyl acetate and et hyl
acetate conprising: (a) reacting ethylene, acetic acid
woaneb/3zi8gen to formvinyl acetate and at | eastPCa/us2ens038289
anmount of ethyl acetate; (b) providing a crude product
stream cont ai ni ng the vinyl agetate and ethyl acetate
of step (a) and acetic acid to a distillation tower;

(c) separating the crude product streaminto: (i) a
WHAT WELASEER & product streamenriched in vinyl acetate

w th respect to the crude product stream (ii) an acid

recycle streamenriched in acetic acid with respect to

t t stream a m xed, sidestream
et i ik 5 MR O AR SR it e nd S ecstave v sies
(a) S ireeRSih g ethyldpe] dtgtie il GRE@Exygen @ Mn ARRALRL G Wk At le?% a minor

@fect to the vinyl acetate product stream and
aﬂmUHy dpdiasetptey vi nyl acetate in the mixed S|destrean1to

by Pr e praduct str

(b) g%\?%ﬁﬁ 3'1{12&&:@4!&?&? gttreaa\%% e éaur)]m m)é Ca&tg%e@nfi ﬁ:ﬁ}yﬁ écetate of step (a)

andaqﬁwedmﬁbd&ﬁnﬂh&nmhﬁwﬁataIyt|caIIy hydr ogenat ed. 3. The
nethod.acgordln to Caim31, wherein vinyl acetate in

| © ¢ feParstingdhe Fds Prodifh SU€aRdRiar vt i cal |y hydr ogenat ed
U%i) gle:) ﬁnﬁ%&@ﬁétel\lbrﬁ&?dt st‘?@a{rﬁ"lﬂr%hed th VI}E leacgﬁtet\g(?h ga%ggct % 89 crude

Claim 1, wherein vinyl acetate
perelict Hepam; s catalytlcally hydrogenated using a

p car cata od accor di ng

?aj aa%lam WhEYeY gtre(aﬂleergi/ g‘ﬁd glfaCﬁt)}%j?(B% @/ﬁfg rpwﬁchﬁlg,q crude product
aget¢ahe in the mxed sidestreamis carried out in a

CSTR 6. The method according to aim1, wherein the

s 30‘?’”‘!‘?9 didsgfesant M@alminay inyhaesetate and ethylasetatex du mixed sidestream

S 'bgl?lﬁteflﬁé}{@d'lﬁ el 1degie Qb résBea tI) Xevqnyq %getgt% %rocﬁlct stream; and

(d) hydrogenating vinyl acetate in the mixed sidestream to provide an ethyl acetate product

stream.

2. The method according to Claim 1, wherein vinyl acetate in the mixed sidestream
is catalytically hydrogenated.

3. The method according to Claim 1, wherein vinyl acetate in the mixed sidestream
is catalytically hydrogenated using a Raney Nickel catalyst.

4, The method according to Claim 1, wherein vinyl acetate in the mixed sidestream
is catalytically hydrogenated using a palladium/carbon catalyst.

5. The method according to Claim 1, wherein the step of hydrogenating vinyl
acetate in the mixed sidestream is carried out in a CSTR.

6. The method according to Claim 1, wherein the step of hydrogenating vinyl
acetate in the mixed sidestream is carried out in a fixed bed reactor.

7. The method according to Claim 1, further comprising the step of distilling the
ethyl acetate product stream.

8. The method according to Claim 7, wherein the step of distilling the ethyl acetate
product stream is carried out using a single distillation tolwer.

9. The method according to Claim 1, wherein the vinyl acetate product stream of

step (c) is substantially an azeotropic mixture of water and vinyl acetate.



7. The nmethod according to Claim1, further conprising

the step of distilling the ethyl acetate product
wostweasnisd. The met hod according to Caim?7, WEresa05/038289
the step of distilling the ethyl acetate product

Streamis carried out using 2 single distillation
tower. 9. The nethod according to Claim1, wherein the
vi nyl acetate product st ream of step (c) is

S |aII anaeotr ur.e of ter and vi nyl
2B & Eha Grthgndingae STu G Dt 1 e fabep i fream
contalhg‘ﬁesytlﬁﬁ|ab@tﬁ@@5&vél§l‘ﬁ%€&en§étﬁﬁ%étﬁfém ains | ess than
about 0. 025 wei ght percent et acetate. 11. The

mél hodThe o@ﬂmdragcqrdmgl taClaim, 1 wH@reeﬁl thetrhtéo plampss fifw ragessof vinyl
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17.  An apparatus for co-producing vinyl acetate and ethyl acetate comprising:
(a) a reactor for reacting ethylene, acetic acid and oxygen to form vinyl acetate and at least a
minor amount of ethyl acetate;
(b) means for providing a crude product stream containing the vinyl acetate and ethyl acetate
of step (a) and acetic acid to a distillation tower;
(¢) adistillation tower adapted for separating the crude product stream into:
(i) avinyl acetate product stream enriched in vinyl acetate with respect to the crude
product stream,;
(i1) an acid recycle stream enriched in acetic acid with respect to the crude product
stream;
(i1i) a mixed sidestream containing vinyl acetate and ethyl acetate, the mixed sidestream
being enriched in ethyl acetate with respect to the vinyl acetate product stream; and
(d) means for hydrogenating vinyl acetate in the mixed sidestream to provide an ethyl
acetate product stream.
18. The apparatus according to Claim 17, wherein the reactor is provided with a

palladium containing catalyst and the reaction is carried out in the vapor phase.
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